Intact ribonucleic acid (RNA) molecules in an extended form were extracted from purified influenza virus and observed in the electron microscope. For this study, the RNA extraction procedure and the Kleinschmidt protein monolayer technique were modified. The mean lengths of RNA from X7, X7-F1, and WSN strains of influenza virus were found to be 2.69, 2.55, and 2.37 Am, respectively. From these measurements, the corresponding estimated molecular weights would be 2.9, 2.8, and 2.5 X 106 daltons. X7 and WSN RNA preparations were exposed to pH 3 to disrupt intact molecules. Histograms of length measurements showed five peaks, which were interpreted to represent the five pieces of RNA reported to exist in the influenza virion. X7 RNA appeared to be more stable than WSN RNA when stored at 4 C. The profiles of histograms of incomplete virus RNA suggest that the high molecular-weight component is missing. In preliminary experiments on Newcastle disease virus RNA, molecules of various lengths were observed.
Intact ribonucleic acid (RNA) molecules in an extended form were extracted from purified influenza virus and observed in the electron microscope. For this study, the RNA extraction procedure and the Kleinschmidt protein monolayer technique were modified. The mean lengths of RNA from X7, X7-F1, and WSN strains of influenza virus were found to be 2.69, 2.55, and 2.37 Am, respectively. From these measurements, the corresponding estimated molecular weights would be 2.9, 2.8, and 2.5 X 106 daltons. X7 and WSN RNA preparations were exposed to pH 3 to disrupt intact molecules. Histograms of length measurements showed five peaks, which were interpreted to represent the five pieces of RNA reported to exist in the influenza virion. X7 RNA appeared to be more stable than WSN RNA when stored at 4 C. The profiles of histograms of incomplete virus RNA suggest that the high molecular-weight component is missing. In preliminary experiments on Newcastle disease virus RNA, molecules of various lengths were observed.
Influenza virus ribonucleic acid (RNA) has been shown to be heterogeneous in size and to consist of five discrete pieces (1, 2, 11, 12) .
To characterize further viral RNA, an electron microscope study of isolated RNA was carried out. The protein monolayer method, developed by Kleinschmidt (9) , has been shown to be most useful for morphological analysis of deoxyribonucleic acid (DNA) molecules and more recently for RNA molecules (5, 6, 8, 9, 16) . In a preliminary report, we presented evidence of the demonstration of intact X7 virus RNA molecules (K. K. Li and J. T. Seto, Bacteriol. Proc., p. 182, 1970) . The present studies were extended to include examination of incomplete virus RNA, some physicochemical properties of the viral genome, and determination of length measurements for molecular-weight estimations of RNA molecules from X7-F1 and WSN strains of influenza virus and from a paramyxovirus, Newcastle disease virus (NDV).
MATERIALS AND METHODS
Virus. Influenza strains X7, X7-F1, and WSN and the Milano strain of NDV were used. Viruses were propagated and assayed for hemagglutinating activity (HA titer) and egg infectivity (EID5o) as described previously (18 at -60 C. Stock NDV virus was prepared in a similar manner, except that the eggs were incubated for 48 hr. Incomplete virus (von Magnus virus, VM) was prepared as described by Pons and Hirst (13) . Concentration and purification of influenza viruses were by the method of Nayak and Baluda (11) and of NDV by a modified method of Duesberg and Robinson (3) .
Extraction of viral RNA. Usual precautions against nuclease contamination were taken. The general experimental procedure for the extraction and isolation of RNA from highly purified virions was the same as reported previously (11) Velocity sedimentation centrifugation. X7 RNA (0.2 ml) in TE buffer was layered on a 5.0-ml linear (5 to 20%) sucrose gradient (11) in a low-salt NTE buffer (0.01 M NaCl; 0.001 M Tris-hydrochloride, pH 7.4; 10-4 M EDTA). After centrifugation at 49,000 rev/min for 4.5 hr in a SW5OL rotor at 4 C, 0.25-ml fractions were collected. Effluent fractions were read at 260 nm with a microcuvette in a Beckman DB-G spectrophotometer. Fractions containing RNA were immediately "spread" for electron microscopic examination as described below. pH 3.0 treatment of viral RNA. RNA sample (0.2 ml) in 0.01 M Tris-hydrochloride buffer (pH 7.4) was diluted to 1.0 ml, and 0.05 ml of 0.35 N HCl was added to adjust the pH of the reaction mixture to 3.0. After 30 sec at room temperature, the pH 3 treatment was stopped by the addition of 0.05 ml of 0.5 M EDTA (7). The RNA (0.3 ml) of the reaction mixture was "spread" for electron microscopic examination.
Electron microscopy. A modified Kleinschmidt method (9) was used. Formvar-carbon-coated 200-or 400-mesh copper grids were used, and they were prepared not more than 72 hr ahead of time.
Viral RNA samples were diluted with NTE or TE buffer to a final concentration of 2 to 5 ,ug/ml; 0.2 to 0.3 ml of RNA solution was added to an equal volume of filtered cytochrome c, 1.0 mg/ml in 0.5 M ammonium acetate. In some preliminary experiments, either 4 to 8 M urea or 25 to 60% formamide was added to RNA-cytochrome c mixture before 0.1 ml of the specimen was gently dropped onto a clean glass slide to form the protein monolayer. This was facilitated by spreading the sample onto the surface of the ammonium acetate (0.02 M, pH 8.0) in a sterile plastic petri dish (90 mm). Immediately after spreading, the RNA molecules were "picked up" on specimen grids, rinsed with distilled water for 20 to 30 sec, stained with 10-4 M uranyl acetate in acidethanol (5 X 10-4 N HCI) for 30 sec, and immersed in 2-methylbutanol for 10 sec to dry the sample. Specimens were examined at a magnification between 8,000 and 12,000X with an RCA-EMU-3G electron microscope at 50 kv. Magnifications were determined with the aid of a carbon grating replica (Ernest F. Fullan Inc.). The lengths of the RNA molecules were measured, either on prints or on tracings obtained by projecting the photographic plates onto a piece of paper, at a final magnification of 46,500 to 125,OOOX, with a map measurer. Molecular weight estimations were calculated as described by Granboulan and Scherrer (7) . RESULTS Analysis of X7 virus RNA. X7 virus RNA molecules, spread with or without urea or formamide, were linear, noncyclic, and nonbranched. An intact molecule is illustrated in Fig. 1 . Rosette-like structure was noted on occasions at one end of the molecule (Fig. 2) . This was believed to be attributed to the use of aged cytochrome for spreading. Approximately 25 to 35 % of the molecules observed were in an aggregated form in the absence of urea or formamide. Resuspension of the "pelleted" RNA preparations in NTE or TE buffers did not induce any detectable morphological alterations of the molecules. Only molecules which could be readily traced were randomly selected and measured. Seven experiments were carried out, and the average mean length measurement of the RNA molecules was 2.69 ,um. A representative histogram of the length distribution of 300 X7 virus RNA molecules is presented in Fig. 3 (Fig. 7) is qualitatively different from that of X7 RNA (Fig. 3) (Fig. 9) . The data on WSN RNA preparations after 7 days of storage ( Fig. 8 ) and pH 3 treatment (Fig. 9) were tabulated in terms of length measurements and molecular-weight estimations.
Comparative data on WSN RNA and X7 RNA together with reported results (12) are presented in Table 1 . Peaks II to VI (12) correspond to pieces I to V, respectively (Fig. 4, 8, and 9 ). The molecular weights of the sum of the pieces of WSN RNA storage material and of pH 3- Examination of the histograms of X7 and WSN RNA molecules ( Fig. 3 and 7) indicates a relatively wide variation in their size distribution. Qualitatively, the profiles of histograms are similar to those of previous reports (6, 8, 16) . In one report, estimation of molecular weights was based on the mean length (6), whereas in another instance it was based on the longest molecule or cluster of molecules (16) . It would seem reasonable that the longest molecules may represent the native genome of influenza.
In Fig. 3 , a small peak is evident at 3.44 um for X7 RNA; this would give an estimated molecular weight of 3.6 X 106 daltons.
The unique structure of influenza genome, the existence of five discrete pieces of RNA, has been demonstrated by examination of pH 3-treated RNA preparations (Fig. 4 and 9) . It remains unclear why the pieces of RNA, based on the frequency distribution, were not present in similar proportions. The ease by which intact molecules were disrupted is consistent with the concept that the linkers which hold the pieces together have extremely weak binding forces (14) . This unique property of the influenza genome has been thought to govern its high frequency of recombination, its multiplicity reactivation, the effect of chemical inactivation of viral biosynthetic activities, and the formation of incomplete virus (17) . RNA of X7 appears to be more stable than WSN RNA during storage at 4 C for several days. This may account for the lower mean length value for WSN RNA molecules. In the analysis of third passage X7 VM virus, four types of RNA molecules were identified (Fig. 5) . The highest-molecularweight RNA piece found in standard X7 virus was missing or present at relatively low frequency, as previously reported for incomplete virus RNA analyzed by polyacrylamide gel electrophoresis (2, 12) . The deficiency in one of the components lends support to the interpretation that each incomplete particle lacks the identical piece of RNA (15) . It 
